Abstract. Toxoplasma gondii primary infection in pregnancy is associated with poor obstetric outcomes. This study aimed to determine the seroprevalence of Toxoplasma infection in pregnant migrant and refugee women from Myanmar attending antenatal care in Thailand. A random selection of 199 residual blood samples from first antenatal screen in 2014-2015 was tested for Toxoplasma IgG and IgM antibodies. Seroprevalence of Toxoplasma infection was 31.7% (95% confidence interval = 25.6-38.4). Avidity testing in the three positive IgM cases indicated all were past infections. Multiparity (³ 3 children) was significantly associated with higher Toxoplasma seropositivity rates. Seroprevalence of T. gondii infection in this pregnant population is similar to the only other report from Myanmar, where multiparity was also identified as a significant association. Toxoplasma infection is important in pregnant women. Nevertheless, in this marginalized population, this infection may be given less priority, due to resource constraints in providing the most basic components of safe motherhood programs.
Abstract. Toxoplasma gondii primary infection in pregnancy is associated with poor obstetric outcomes. This study aimed to determine the seroprevalence of Toxoplasma infection in pregnant migrant and refugee women from Myanmar attending antenatal care in Thailand. A random selection of 199 residual blood samples from first antenatal screen in 2014-2015 was tested for Toxoplasma IgG and IgM antibodies. Seroprevalence of Toxoplasma infection was 31.7% (95% confidence interval = 25.6-38.4). Avidity testing in the three positive IgM cases indicated all were past infections. Multiparity (³ 3 children) was significantly associated with higher Toxoplasma seropositivity rates. Seroprevalence of T. gondii infection in this pregnant population is similar to the only other report from Myanmar, where multiparity was also identified as a significant association. Toxoplasma infection is important in pregnant women. Nevertheless, in this marginalized population, this infection may be given less priority, due to resource constraints in providing the most basic components of safe motherhood programs. 1 These pathogens are classically considered as important etiological agents for perinatal and congenital infections. 2 Late ocular and neurological manifestations have been reported in T. gondii congenital infections. Nevertheless, such complications can be found in other congenital infections. 3 Other poor obstetric toxoplasmosis outcomes include spontaneous abortion, stillbirth, and preterm labor. Infections occurring early in pregnancy (first and second trimester) generally harm the fetus the most. Infection prior to pregnancy is not associated with poor outcomes. 3, 4 Prevalence rates in pregnant women in southeast Asia vary, with higher seroprevalence described for Indonesia (> 60%) and Malaysia (49%). 5, 6 Reported prevalence in Thailand is between 2.8% and 53.7%. [7] [8] [9] [10] [11] [12] [13] Results from one study on pregnant women in Yangon, Myanmar, showed a seroprevalence of 30.7% (95% confidence interval [CI] = 27.9-37.2).
14 Associated risk factors reported for Toxoplasma infection are older age, multiparity, drinking unclean water, contact with cats, lower educational levels, and less knowledge of toxoplasmosis. 9, 10, 14 In one study, of 2,598 pregnant women in Thailand, Philippines, and Malaysia, only 11% had heard or read about toxoplasmosis. 15 Screening for T. gondii antibodies in pregnant women can identify women at risk for toxoplasmosis. In cases where IgG and IgM antibodies are detected, an IgG avidity assay can be used to rule out recent Toxoplasma infection. 16 With this study, we aimed to give a better understanding on the seroprevalence of T. gondii infection in women from Myanmar living along the Thailand-Myanmar border. The Shoklo Malaria Research Unit (SMRU) is an operational field research unit providing humanitarian health care at three sites at the Thailand-Myanmar border and conducting research on pathogens of local importance. One of the clinics is located in the largest refugee camp for Myanmar refugees in Thailand (Maela refugee camp) and serves a population of around 45,000 people. The two other clinics, Maw Ker Thai clinic and Whang Pha clinic, provide health care for migrant workers in the area. Refugees and migrants are mainly of Karen ethnicity, coming from Karen State in Myanmar. SMRU medical team provides free antenatal care for pregnant women in the area and educates women in safe motherhood and prevention of infectious diseases in pregnancy.
This study was approved by the Oxford Tropical Research Ethics Committee (OXTREC: 28-09) and by the local committee with whom all research items were discussed before approval, the Tak Province Border Community Advisory Board (TCAB-4/1/2015). This was a retrospective analysis of stored serum leftover after completing the standard tests for first antenatal screen. A random selection of 200 samples (one excluded because samples were from the same woman) was chosen for analysis. This represented 3.4% (199/5,883) of all women who attended antenatal care clinics between January 2014 and July 2015. Serum samples were stored at _ 80°C. Data linkage between laboratory samples and baseline demographic data completed the set of variables for analysis.
Serum samples were tested using T. gondii enzyme-linked immunosorbent assay kits for the detection of IgG and IgM antibodies (Novatec, Dietzenbach Germany). Thresholds were set at 35 IU/mL and 10 Nephelometric Turbidity Units for positive IgG and IgM antibodies, respectively. Serum samples that were IgM antibody positive were tested for avidity using T. gondii IgG Avidity test (Novatec). Avidity results of 40% or higher reflected past infection.
Analysis of the data (Supplemental Table) was done using SPSS for Windows Ô (version 20.0, SPSS Inc., Armonk, NY). Demographic data are presented as frequencies and percentages. Univariate analysis using the χ 2 test was used to identify risk factors for Toxoplasma infection. The test was considered significant with P < 0.05. The odds ratios were calculated for categorical data. Poor obstetric outcome was defined as a history of miscarriage, stillbirth, neonatal death, or preterm labor in past pregnancies.
Overall, the seroprevalence of Toxoplasma infection was 31.7% (95% CI = 25.6-38.4). To our knowledge, there is only one other study in pregnant women from Myanmar, reporting similar results with a seroprevalence of 30.7%.
14 Positive samples included three samples that were IgM positive, but avidity testing indicated that these were all past infections. Of the three sampling sites, ethnic background varied the most (Table 1) .
Maternal characteristics were compared according to T. gondii serostatus ( Table 2) . Only the proportion of women with parity of three or above had a higher seropositivity rate. Factors such as age of 35 years or above and being Muslim, were associated with higher proportion of Toxoplasmaseropositive status, albeit of no statistical significance ( Table 2 ). The proportion of positive helminth or protozoa examination at the first antenatal visit and a poor past obstetric outcome (miscarriage, stillbirth, neonatal death, or preterm labor in history) in women with gravidity of one or above were not higher in women with Toxoplasma-seropositive status.
In short, toxoplasmosis serostatus of the community here did not confer significant difference in their pregnancy outcomes (Table 3) . Toxoplasma seroprevalence varies widely worldwide with high prevalence rates described in Latin American countries (reports of > 70% in Brazil). In the southeast Asian region, higher prevalence rates are reported in Indonesia and Malaysia. 5 Socioeconomic factors, environmental factors, religious beliefs, and hence lifestyle factors (such as pets of choice), can influence the population risk for Toxoplasma infection. 4, 5 In pregnant women, multiparity, older age, and a history of poor obstetric outcome have been previously described as risk factors resulting from exposure to Toxoplasma.
14,17-20 In our study, only multiparity was significantly associated with Toxoplasma seropositivity. While there were trends for a higher proportion in women of age 35 years and above to carry Toxoplasma-seropositive status, the small sample size recruited for the study may preclude detection of other significant associations. There was a higher proportion of the Muslim population in the refugee camp that carried Toxoplasma-seropositive status. This is probably due to lifestyle or occupation-related transmission, as livestock animals (cattle, sheep, goat) are reared, slaughtered, and sold mostly by this group of population. Frequent contact with animals that can serve as T. gondii reservoirs coupled with inadequate hygiene practice, eating raw or undercooked meat, and drinking unclean water are previously reported as risk factors for higher Toxoplasma seroprevalence. 9, 10, 17 However, lifestyle practices such as eating raw or undercooked meat or living with cats were not recorded during the study and therefore could not be taken into account for our data interpretation.
Health education programs, screening, and prevention are advocated by different studies to decrease the numbers of T. gondii infection in the pregnant population and to prevent adverse outcomes in neonates and later in life. 9, 10, 14, 15 Congenital toxoplasmosis manifests in the form of still birth, miscarriage, and progressive visual, audio, cognitive, and motor impairments to the affected children. Timely treatment improves outcomes and therefore careful monitoring and follow-up of mothers and children should be done if women are suspected for Toxoplasma infection in pregnancy. It would not be cost-effective to offer screening in this population of pregnant women. The high-risk group requires further refinement which could help identify those who could be considered for Toxoplasma infection screening during pregnancy. Nevertheless, in this and likely other marginalized populations, Toxoplasma parasitic infection may be given less priority, due to resource constraints in providing even the most basic components of safe motherhood programs. Reinforcing basic handwashing with soap and water, after working and before food preparation and eating, is likely to be the most useful, practical, and cost-effective healthcare policy in this population. 
